Secondary sexual traits may convey reliable information about males' ability to resist pathogens and that females may prefer those traits because their genes for resistance would be passed on to their offspring. In many insect species, large males have high mating success and can canalize more resources to the immune function than smaller males. In other species, males use pheromones to identify and attract conspecific mates, and thus, they might function as an honest indicator of a male's condition. The males of orchid bees do not produce pheromones. They collect and store flower volatiles, which are mixed with the volatile blends from other sources, like fungi, sap and resins. These blends are displayed as perfumes during the courtship. In this study, we explored the relationship between inter-individual variation in body size and blend composition with the males' phenoloxidase (PO) content in Euglossa imperialis. PO content is a common measure of insect immune response because melanine, its de-
| INTRODUCTION
Male secondary sexual traits may convey reliable information about males' health and condition (Zahavi, 1975) . Hence, the evolution of exaggerated ornaments and sexual signals could be partiality explained because these traits can signal parasites or infection resistance, and females should prefer ornate mates because their genes for resistance would be passed on to their offspring (Andersson, 1994; Jacobs & Zuck, 2012) . Resistance could be screened as a function of immune system, and given that there are evolutionary costs associated with the expression of sexually selected traits (SST; Jacobs & Zuck, 2012) , and immune system (Demas, Greives, Chester, & French, 2012) , those males showing the more elaborated SST should also be healthy (Jacobs & Zuck, 2012) . This is explained because costs impose a handicap, and only males in good condition can canalize resources to both traits (Getty, 2002; Sheldon & Verhulst, 1996; Westneat & Birkhead, 1998) .
Thus, if resources must be diverted away from the immune system in order to maximize expression of a sexually selected trait, a tradeoff between sexual trait expression and immune function can evolve (Sheldon & Verhulst, 1996) . Several studies on insects have suggested that sexual characters do indicate male immunocompetence to females (Ryder & Siva-Jothy, 2000; Siva-Jothy & Thompson, 2002 ; Reviewed by Contreras-Garduño & Canales-Lazcano, 2013) . Phenoloxidase (PO) content is one of the most common measured component of immune response related to sexual selection because its derived molecule, melanin, is a compound used to surround and encapsulate parasites and pathogens (reviewed by Contreras-Garduño & Lazcano, 2013) . During melanogenesis, PO catalyzes the hydroxylation of tyrosine to L-dihydroxy phenylalanine (L-DOPA) to produce the melanin precursor, indolequinone, that combats parasites and pathogens (Nappi & Vass, 1993) . Quinoid compounds are potent catalysts of the production of reactive oxygen molecules (ROS; Nappi, Vass, & Carton, 1995) and the oxidation of L-DOPA can generate superoxide anion and hydrogen peroxide, which are toxic molecules to parasites (Nappi & Vass, 1993; Nappi et al., 1995) .
In many insect species, larger males have high mating success (Alcock & Thornhill, 1983) and can canalize more resources to the immune function (Córdoba-Aguilar, Jiménez-Cortés, & Lanz-Mendoza, 2009; Ryder & Siva-Jothy, 2000) . Moreover, several species use pheromones produced in specialized secretory glands to identify and attract conspecific mates. Species-specific pheromone signals are important in the recognition functions for pre-mating isolation (Wyatt, 2003; Wyatt, 2010) , while other pheromones can function as an honest indicator of a male's resistance to parasites and, in general, male condition (Penn & Potts, 1999; Rantala, Jokinen, Kortet, Vainikka, & Suhonen, 2002; Rantala & Kortet, 2003) . Some pheromone components could be the signals of resistance, and therefore, immune response, providing information about the evolution and significance of secondary sexual traits (Candolin, 2008; Iwasa & Pomiankowski, 1994) . However, as far as we know, there are no specific relationships between different male pheromones compounds as sexual traits with immune response (reviewed in Contreras-Garduño & Lazcano, 2013) . Nonetheless, the relationship between pheromones and immune resistance has been tested in one insect species, Tenebrio molitor (Rantala et al., 2002) .
The males of orchid bees (Apidae, Euglossini), a group of longtongued tropical bees, collect and store flower volatile blends, which are mixed with volatiles from other sources and displayed as perfumes during the courtship (Eltz, Sager, & Lunau, 2005) . Orchid bees store these volatiles in specialized, enlarged hind-tibial pouches (Williams & Mark, 1983) . The blends are composed mostly of terpenoids and aromatic volatiles (Dressler, 1982; Eltz, Whitten, Roubik, & Linsenmair, 1999; Williams & Mark, 1983) . The orchid bees collect these compounds by a process known as fatty extraction. A small quantity of lipoid cephalic gland secretions is placed on the fragrant surface and used to transfer the volatile compounds to the hind leg pouches (Eltz et al., 2007; Whitten, Young, & Williams, 1989) . Flowers of orchid species produce scents that specifically attract males of one or few bee species. As males collect scents from these flowers, they act as their exclusive pollinators (Dressler, 1982) . Because many of the collected compounds are toxic to bees and difficult to find, it has been suggested that males are carrying a handicap that could show to the females their endurance to toxicity and their capacity to survive and collect scarce resources (Roubik & Hanson, 2004) .
In this study, we explored the relationship between inter-individual variation in body size and blend composition with the males' phenoloxidase (PO) content in Euglossa imperialis collected in Los Tuxtlas, Veracruz, Mexico. Euglossa imperialis is distributed in tropical regions of South America, Central America (Nemésio & Silveira, 2007) , and Mexico. In Los Tuxtlas, the species can be found all year round. We tested the hypothesis that male size and blends are honest signals of their immune response. We expected a positive relationship between body size and PO content, and a significant relationship between blend composition and PO content. (Roubik & Hanson, 2004) . Captured bees were placed in individual plastic bags (7 × 5 cm) to measure the thorax and head width with a digital caliper (Mitutoyo Corp., Tokyo, Japan). Later, they were placed in their plastic bags and stored in liquid nitrogen in a 5-L nitrogen thermo (MVEsc; USA). In the laboratory, the hind legs of each individual were dissected and extracted in 0.5 ml of hexane for analysis. Before conducting further analyses, the thorax and head width data were ordinated using a principal components analysis.
| METHODS

| Sampling procedure
| Immunocompetence capacity
We evaluated the immunocompetence capacity through the PO content in the bees' body. Phenoloxidase (PO) content has previously been recorded in several species of insects, including other bee species (Adamo, 2004; Gershman et al., 2010; Srygley, Lorch, Simpson, & Sword, 2009 ). To estimate PO content, the bee's thorax was macerated in 1 ml of phosphate buffered saline (PBS; Sigma). Then, we took one sample of 40 μl and deposited it in a microplate template of 96 round-bottomed wells (Corning) containing 60 μl of PBS and 100 μl of L-DOPA diluted in PBS (4 mg/ml). PO content was determined indirectly by oxidation of 3,4-dihydroxy-L-phenylalanine (L-DOPA, Sigma). One sample of 100 μl of PBS and 100 μl of L-DOPA (4 mg/ml) were used as blanks. The slope of the curve was calculated using the optical density at 490 nm with an ELISA reader (Microplate Reader Series, BMGLABTECH). Optical density readings were taken every 5 min during one hour at 27°C.
| Chemical analysis
A random subsample of 100 Euglossa imperialis males was used to analyze their blend composition. One microliter of each hexane extract was analyzed using an Equity 5 capillary column (30 m × 0.25 mm ID × 0.25 μm film thickness; 5% phenyl methylsiloxane) in an Agilent 6890 gas chromatograph (GC) coupled to an Agilent 5973N mass selective detector. The injection was split (60.3:1) at 220°C. Helium was used as carrier gas at a constant flow of 1.0 ml/min. Electronic flow control (EFC) was used to maintain a constant helium carrier gas flow of 1 ml per min. The GC oven temperature was held at 60°C, and then increased by 5°C per min to 300°C. The mass spectrometer (MS) interface was at 280°C and the ion trap worked at 230°C.
The MS was set at 70 eV (in EI mode) with a scanning speed of 2.94 scans per second, from 40 to 500 m/z. Data were collected and integrated using the Environmental Chemstation software from Agilent
Technologies. The identification of a compound was considered valid when its chromatographic peak was pure, its mass spectrum coincided with that of a known compound in the National Institute of Standards and Technology (NIST02) library, and the calculated Kovats index was close to the published Kovats index for the same kind of column used in our analysis. The chemical identification of some components was confirmed by injection of known standards purchased from Sigma Aldrich ( Table 2 ). The relative concentration of each compound was estimated by dividing its peak area by the sum of the areas of all peaks detected in the sample (total peak area). Moreover, we estimated the amount of the blend for each bee adding up the areas of all compounds in the bee's hind leg. The inter-individual variation of the blend composition was summarized using a principal components analysis. The first three principal components explained 48.8% of the variation in blend composition (Table 2 ) and were used in further analyses. Because the availability of blend sources can change temporarily, the blend composition from bees collected in April and June was compared.
| Relationship between phenoloxydase content and male body size and blends composition
To explore the relationship between PO content and male's body size, we regressed PO content on males body size (PC 1; see Section 2) considering all males captured in the field. The PO content values were log-transformed previous to the analysis in order to improve the normality assumptions of parametric tests. To remove body size effects on PO content, the residuals of the regression were used to conduct simple linear regressions between the PO content and number of compounds, amount and the blends complexity. These regressions were conducted separately for April and June, because we found significant differences in the complexity and amount of blends between these months and in the PC 2 of blend composition (see Section 3). In addition, multiple linear regression was performed to analyze the relationship between the PCs 1 and 2 of blend composition, and PO content residuals. Simple and multiple regressions were conducted with a random subsample of one hundred individuals in which the blend composition was analyzed (see Section 2.3).
| RESULTS
| Males' body size
A total of 275 males of Euglossa imperialis were captured. They had an average thorax width of 5.31 mm (SE = 0.017) and an average head width of 5.16 mm (SE = 0.017). The first principal component (PC 1) explained 85% of variance of thorax and head width, and was considered as a body size index because the eigen vectors of the two morphological characters were positive (Table 1) .
| Blend composition
We found 60 compounds in one hundred males of Euglossa imperialis (Table 2 ). Fifty-six of these bees were collected in April and 44 in June. The average male had 24.4 of these compounds in its blend. The most represented compounds were tetradecyl tetradecanoate (87%), β-cubebene (76%), Z,E-2,13-octadecadien-1-ol (65%), and eicosane (61%), respectively. Besides, the compounds allo-aromandrene, phenylethyl alcohol, and τ-terpinene were found each one in just one individual. Terpinolene was just found in males captured on April, whereas three compounds: Benzyl alcohol, β-linalool, and menthol were just found in bees captured in June. Despite the temporal differences in the blends amount, the PC 1 (t = 1.91, df = 98, p = .059) and PC 3 (t = 0.21 df = 98, p = .83) did not differ statistically between collecting dates. Nonetheless, there were significant differences between April and June in the blend composition for the PC 2 (t = 3.95 df = 98, p < .001).
| Relationship between males' body size and number of compounds, amount of the blend and blend composition
We did not find any relationship between body size with the number of compound found in the blends in April (F (1,54) = 0.11; p = .74), (Adams, 2007; Linstrom & Mallard, 2001) . 
T A B L E 2 Chemical compounds identified in hind legs of Euglossa imperilis males collected in "Los
| Relationship between PO content and male body size
The regression of PO content on males' body size (PC1) was positive and significant when we considered all males captured in the field (r 2 = .06; F (1,273) = 18.29; p < .0001, Figure 1 ).
| Relationship between PO content and blend composition 3.5.1 | Relationship between PO and number of compound and the blend's amount
We did not detect a significant relationship between the number of compound in the blend and the residuals PO for the bees collected T A B L E 3 (Continued)
F (1,54) = 4.47; p = .04; Figure 2 ). Nonetheless, in June, this relationship was not significant (r 2 = .02; F (1,42) = 1.01; p = .32).
| Relationship between PO and the PC2 of the blend composition
We did not find a significant relationship between the PC 2 of the blend composition and the residuals PO for the bees collected in April (F (1,54) = 0.18; p = .67), and June (F (1,42) = 0.71; p = .40).
| Multiple linear regression analyses
The multiple regression analysis to explore the relationship between the PCs 1 and 3 of blend composition with the residuals of PO content was highly significant (Table 4 ). The PC 1 and PC 3 of the blends showed positive and negative significant relationships with the residuals of PO content, respectively (Figure 3a,b) . Those compounds in the PC1 and PC3 with the highest positive weight were positively correlated with PO levels in the males.
| DISCUSSION
We found that body size, the amount of the blend and its composition (Roubik & Knudsen, 2016) , and if odors are used to avoid interspecific reproductive interference (see Zimmermann, Ramirez, & Eltz, 2009) , the complexity of the blend could be modulated by changes in the community in the number of orchid bee species. Because odor collection and production are costly, the males of Euglossa imperialis would be expected to collect a lower number and lesser amounts of compounds in the season with the lower number of orchid bee species (Roubik & Knudsen, 2016) .
The composition of the bees' blends can depend on the availability of the blend sources and the bees' skills to get access to them. In orchid bees, body size is strongly related to flight capacity (Casey, May, & Morgan, 1985; Darveau, Hochachka, Welch, Roubik, & Suarez, 2005) , and large males of Euglossa imperilis could displace their competitors for the access to scents (Dworschak & Blüthgen, 2010) . Nonetheless, we did not find any relationship between the males' size with the number, amount and composition of the blends, but we found a positive relationship between the amount of the blends and its composition with PO, which suggest that differences in male condition (immune response) rather than differences in body size may explain the interindividual variation in the blends' composition. The amount of the blend and the proportion of its compounds could reveal the males' condition to their potential mate, even though, due to environmental fluctuations, perhaps just some compounds can be reliable indicators of the immunological capacity of the males.
Diverse factors can affect the immune response, including aging (Parker, 2010) , diet, and energetic reserves (McKean & Nunney, 2001; Singer, Mason, & Smilanich, 2014; Siva-Jothy & Thompson, 2002; Valtonen, Kleino, Rämet, & Rantala, 2010) . In other species, larger individuals can devote more resources to several life history traits including the immune function (Córdoba-Aguilar et al., 2009; Ryder & Siva-Jothy, 2001 ). Nonetheless, the resource allocation to immune function may be subjected to a trade-off between other life history traits such as reproduction and life span (Schmid-Hempel, 2011; Sheldon & Verhulst, 1996) . In those species that produce pheromones, due to their costs, it is possible to expect trade-offs with other life history traits. Interestingly, despite the many potential sources of inter-individual variation in PO content levels, we found large quantities of PO content associated with larger males of Euglossa imperialis, suggesting that they are in a better condition than smaller males and they can canalize more energetic reserves to the PO production.
Some compounds collected by orchid bees are involved in the production of pheromones in other insects. In male moths, Farnesal is mixed up with short-range produced pheromone (Sarto i Monteys et al., 2012) , and it might be implicated in the synthesis of marking pheromones of bumblebees (Luxová, Urbanová, Valterová, Terzo, & Borg-Karlson, 2004) , but also it is important in the insect juvenile hormone synthesis (Nyati et al., 2013) , in which the insects are involved in females receptivity (Riddiford, 2012) and regulate vitellogenesis (Hansen, Attardo, Rodriguez, & Drake, 2014) . On the contrary, Bisabolol (Kamatou & Viljoen, 2010) , and β-Cubebene (Skocibusic & Bezic, 2004) have antimicrobial content. Due to the potential increase in fecundity or their antimicrobial content, perhaps these and other compounds could be valuable nuptial gifts. Moreover, because many of the collected compounds are toxic, the blends also may suggest good genes to the females if males' resistance to toxic compounds is heritable. The males may show its handicap that could show to females in terms of their endurance to toxicity and their capacity to survive and collect scarce resources (Eltz et al., 1999; Whitten et al., 1989) . Our study shows that body size and blend composition are significantly related to PO content in Euglossa imperialis orchid bees. This relationship suggests that body size and the blends collected by these bees are honest signals showing the males' quality to female bees. 
